development of Mg-deficiency. Among those factors are leaching due to intensive rainfall a 9, the form of Mg added to the soil as a fertilizer t4 2a the variation among various plant species in their need for Mg 17 24 , and the amount of available water required for optimum plant growth and its relationship to the mineral nutrition of plants 7, 23 Accordingly, methods that have been used for the evaluation of soil supplying power of magnesium, and which are based on measuring the Mg-content in either the soil or the plant have not proven satisfactory. However, Mg-content of the soil has been accepted by some investigators 27 2s 30 as a reasonable measure of the soil supplying power of magnesium. The development of the short-term nutrient absorption technique by Dement and Stanford in 1957 15 16 29 and its use in the studies of N-, P-, and K-absorption by plants, introduced a new tool which can be utilized in the absorption of other' nutrients.
This paper presents an attempt in which the short-term nutrientabsorption technique was applied for soil magnesium evaluation, and the use of this method for the study of the magnesium status of some of the important agricultural soils in Arizona.
MATERIALS AND METHODS

Soil sampling
Six different calcareous soils were collected from various locations in the state of Arizona. After air drying, the samples were screened through a
TABLE1
Chemical and physical characterization of the collected soil samples (original from the field) polyethylene screen having a hole size of 10 mmk Subsamples were taken from the soils collected, screened tllrough a 12-mestl screen and retained for subsequent analysis. Table 1 shows the soils collected and their chemical and physical characterization.
Soil analysis
Subsamples of tile soils collected were analyzed for the following: 1. Ammonium acetate-soluble Ca and Mg: 10 g of each sample were leached with 100 ml of NH4Ac, pH 7.0. The leachate was then evaporated to dryness, and then dissolved into successive 10-ml additions of HzO, cone. HNOs, and conc. HCI04. The mixture was then oxidized and evaporated to dryness and the white residue was dissolved ill 0.1 N HNOa and brought to the desired volume. Calcium was determined according to the procedure of Bullock and Mater 9 and Bullock eta/. 10 . Magnesium was obtained by subtracting the volume of EDTA solution used for the Ca-determination alone from the volume of EDTA solution used for the combined Ca and Mg determination.
2. Ammonium acetate-soluble K was determined using a Beckman Spectro photometer-flame attachment, Model DU.
3. Cation-exchange capacity was determined for each soil by saturating the soil sample with ammonia, then by distillation and titration with 0.1 N HC1. 4 . pH values were measured in both soil paste and 1 : 5 soil, water extract using a Beckman pH meter, Model N-1.
5. Total soluble salts were measured in the saturation extract of soil, using the conductivity method al 6. Moisture equivalent was determined by the centrifugal method 6.
General procedure /or the short-term nut~,ient-absorption technique
The method used was a slight modification of the original technique developed by Stanford and Dement 29 and is summarized below: Germination of seeds and growth of plants in minus-magnesium nutrient solution : fifty seeds of barley (Hordeum vulgate), variety Arivat, were germinated in a bottomless cardboard carton, slipped into another carton with bottom intact, containing 680 g acid-water-washed quartz sand *. It was found necessary to make a triangular cut in the bottom of the intact carton and place a piece of nylon cloth ** on the top of the cut before putting in the sand. This was primarily made to improve aeration conditions in the root zone. The seeds were germinated at about a half-inch depth. Fifty ml of a minus-Mg nutrient solution-Hoagland No. 2, plus 40 ml. of deionized HzO were added to each pot at the start of germination. The average Weight of 10 pots was obtained after addition of the nutrient solution plus deionized H20 and was used thereafter as a standard weight to which the pots were adjusted by adding deionized water 1 to 3 times a day. The pots were covered with sheets of brown paper followed by sheets of aluminum foil to keep temperature constant and retain moisture. After emergence of the seedlings, the pots were uncovered. Another 50 ml of the minus-Mg nutrient solution were added to each pot one week after the first addition.
Contact period. Fourteen days after planting, the pots were watered with deionized water to the standard weight. Then the bottomless carton containing the growing plants with their developed root mat was transferred to another carton containing 200 g of the soil or soil plus fertilizer to be tested. The soil was first adjusted to either 75 or 100 per cent of its moisture equivalent with deionized H20 and the contact was made by placing the plant's root mat in the bottomless carton on the top of the test soil. The carton, containing the soil media, was prepared by making a triangular cut in the bottom and covering it with a piece of nylon cloth as previously described. Later it was found necessary to make additional holes in the carton wall near the bottom to further increase aeration. Moisture losses were replenished by adding deionized water 1 to 3 times daily as previously described. At the end of a 7-day contact period, the plant tops of each pot were harvested, placed in a paper bag, and dried in an oven at 70°C for 3 days.
Before contact, soil samples were taken from each treatment and held at 100% of their moisture equivalent for 4 days. They were analyzed for: pHpaste and 1 : 5 soil-water extract; total soluble salts in tile saturation extract ; and NH4Ac-soluble K, Ca, and Mg, following the same procedures used in the analysis of the original untreated soils.
Plant tissue analysis
The wet combustion method was used to oxidixe the plant sample. The determination of Ca, Mg, and K was as previously described in ' Soil Analysis."
RESULTS AND DISCUSSION
The investigation included four separate greenhouse exp~:-iments ; the first three were concerned with e3tablishing some basic informakion on the conditions under which the short-term nutrientabsorption technique could be used for soil magnesium studies. The fourth experiment was concerned with the evaluation of the soil magnesium status.
Base application o/ N and P
The first experiment was conducted to determine the need for base applications of N and P for studying Mg-uptake using the short-term nutrient absorption technique. The soils chosen for this study were: Gila silt loam and La Palma fine sandy loam, representing two extreme limits of Mg-content (12.90-34.81 °/o saturation respectively). Table 2 shows the treatments used for each soil. Magnesium was applied at the rate of 50 pounds of Mg per acre in the forms of MgSO4 and Sul-Po-Mag *. This study followed the procedure as described earlier. Table 3 shows the dry weights of plants, total uptake, and concentration of K, Ca, and Mg in both soils used. These data indicate a highly significant increase in dry weights of plants as a result of NP-treatments in both soils. NP-additions produced a significant increase in total plant uptake of K. However, there was a decrease in K-concentration with most of the NP-additions in the case of the La Palma soil. This may be explained on the basis that the increase in growth caused by NP-additions resulted in a dilution of Kcontent which was not corrected by an increase in K-absorption, probably due to the short period of contact used (7 days). The concentration of K in plants grown on Gila silt loam was not affected by NP-treatments. With respect to Ca, there was an increase in Ca-uptake associated with the addition of N and P in both soils. Plant calcium concentration was not affected by N-and P-addition probably because of the dilution effect which resulted from the increase in growth with NP application. As the data shown in Table  3 indicate, there were no significant increases in either the total uptake or the concentration of Mg in the plants with NP-additions on both soils. Such a result may be attributed to the short period of contact used, which did not permit enough time for the slow absorption of Mg 11 la 14 to be influenced by NP treatments. The results obtained from the chemical analysis of the soils after fertilization and constant moisture level could not be correlated with the results obtained from the plant tissu~ analysis.
Root-soil contact period
The objectives of this experiment were based on the hypothesis that the effect of NP-additions on plant uptake of Mg may be more pronounced if the period of root-soil contact was extended to more * Available from I n t e r n a t i o n a l Minerals and Chemical Co., Skokie, Illinois and composed of a mixture of big-and N-sulfates, containing 18.5% MgO a n d 22% K~O. than one week. Gila silt loam was chosen for this study as it showed some promise in the first experiment. Three periods of contact were used: 7-, 10-, and 12-day periods. The treatments applied for each period were identical to those used in the first study and are shown in Table 2 . The investigation was conducted following the same procedure as described earlier. After the first week of contact, the plants began to show increasing wilting and yellowing of the leaves which was probably a result of inadequate drainage in the root zone. This condition probably accounts for most of the unexpected results obtained. Table 4 shows the dry weights of plant tops in each pot; total uptake and concentration of K, Ca, and Mg in plant tops for the three periods of root-soil contact. The results indicated that most of the plant top dry weights were significantly increased by NP-additions which confirm the results obtained in the first study. Actually, there was no increase in growth after the first week of the contact period which is attributed to the effects of poor aeration on plant growth.
As the data in Table 4 indicate, there was a general decrease in both total uptake and concentration of K with the addition of N and P in all periods of contact. A possible explanation for reduced potassium uptake is that the inadequate aeration in the root media resulted in the subsequent impaired ion absorption due to the disturbance in the physiological function of the plant 4 ").6. With regard to calcium, there was in general a significant increase in total plant uptake of Ca with the NP-addition in all periods of contact. The increases were more pronounced with all treatments except Treatment 6 compared to Treatment 1 in the 7-day period and the 12-day period. In the second group (i0-day period of contact) the differences were not as clear as in the other two groups. Also, a significant increase in Ca-concentration was obtained as a result of NP-addition, particularly in Treatment 9 as compared to Treatment 4 in both the first and second groups.
It is worthy to note that by comparing Treatment 4 with Treatment 1 in the 7-day and 12-day periods, it was found that Ca total uptake and concentration were decreased by the K-addition. However, by comparing Treatment 6 with Treatment 9 in all the periods, there was no decrease in both Ca-uptake and concentration when N and P were applied with K. Such a result emphasizes the necessity for a base application of NP for better absorption of Ca, 
2.9"
t All values r e p r e s e n t the m e a n of 4 replications -Means with the s a m e letters are n o t significantly different.
in using the short-term nutrient-absorption technique. It also indicates that K has no antagonistic effect on Ca when applied with N and P. From these results, it might be conceived that Ca-absorption was not affected as much as K by limited aeration in the root media.
This can be accepted on the basis that K may be more involved than Ca in the respiration processes which depend to a great extent on the oxygen supply to the roots 4 is
The data on Mg-uptake and concentration presented in Table 4 show that total uptake and concentration of Mg were significantly increased by NP addition in the first group (7-day period). It seems that the K-addition (presented in Treatment 9 compared to Treatment 4) increased Mg-content more than did the NP-additions. This indicates that K did not suppress Mg uptake by plants under the conditions of the experiment. Such a result supports the findings reported by Adams and Henderson 1 and that found by Maier22 and can be explained on the basis that the added K+-ions displaced Mg++-ions into solution, thus making the latter more available to plants. In the other two groups, the 10-day and the 12-day periods of contact, there was no significant increase in the Mg-uptake as a result of NP-additions.
Soil moisture e//ects
The effect of soil moisture on the uptake of magnesium was studied using the short-term nutrient -absorption technique. Gila silt loam was chosen for this study with the application of 5 treatments as shown in Table 5 . Sources and amounts of N and P were the same as in the previous studies. Two soil moisture levels were used: 100 and 75 per cent of the soil moisture equivalent. Extreme care was taken in adjusting the levels of soil moisture daily. The experiment was conducted in the greenhouse following the same procedure as previously described. According to the results obtained previously, which indicated the extreme importance of furnishing the plant roots with an adequate oxygen supply, it was decided to cut holes in the carton wall near the bottom to aid, together with the triangular cut in the bottom, in improving the aeration conditions in the root media. Table 6 shows the oven-dry weight of plants, total uptake and concentration of K, Ca, and :Kg as affected by Mg-treatments and soil moisture levels. There was no significant differences in plants dry weight as a function of soil moisture level. This result might be accepted if one realized that the two moisture levels used provide an adequate supply of moisture for the plants as far as amount of growth is concerned. The total uptake of K was not significantly
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E x p l a n a t i o n of soil t r e a t m e n t s used to s t u d y the effects of soil moisture affected by either soil moisture level or by Mg-treatments. Potassium concentration, however, was significantly decreased b y raising the soil moisture level. Also, there was no significant effect of Mg-application of K-uptake or concentration. With respect to total plant uptake of Ca, no significant effect was shown as a function of soil moisture levels or Mg application. However, Ca concentration showed the same trend as K, decreasing with increasing soil moisture level, particularly in Treatment 9 as compared to Treatment 4. Again like potassium, calcium concentration was not affected by Mg addition.
The data shown in Table 6 indicates that both the total plant uptake and the concentration of magnesium were significantly increased with an increase in soil moisture. During the 7-day contact period, the total plant uptake of Mg increased b y the following: From 33 to 48% for the 100 per cent moisture equivalent level, and from 22 to 36% for the 75 per cent level.
The results obtained in this experiment indicate a differential behavior for the three ions: K, Ca, and Mg, with respect to plant response as a consequence of soil moisture level. While both the total uptake and concentration of Mg was increased b y the increase in soil moisture level, K and Ca were decreased in concentration, and the total uptake was not affected. These results are in partial agreement with the results found by M e d e r s k i and W i l s o n s3, who showed that plant Mg was increased linearly with increasing soil moisture up to field capacity under conditions of high humidity. Potassium did not show the same linear increase with increasing soil moisture under the same levels of humidity. Calcium, on the other hand, did not show any differences with change in soilmoisture under all levels of humidity studied.
The results obtained may possibly be explained in two ways. The first is based upon the dilution effect and the strength with which cations are adsorbed on the soil-exchange complex. For example, Ca-ions are known to have a stronger adsorption capacity on the exchange complex than Mg ++ and K +. By dilution, Mg-ions can be readily exchanged by H-ions and thus brought into solution to be more available for root absorption. If this were the true picture, then K-ions would be expected to be more easily exchanged by H-ions resulting from dilution, and thus be more readily absorbed by the plant roots, but it might be that K was fixed in some way on or in the soil-exhange complex; consequently, such behavior did not occur. The second explanation is based upon the physiological function of each cation in the plant. Magnesium is known to be more involved in most of the respiratory reactions in the plant than K and Ca 4. Aeration and oxygen supply for plant roots are influenced by soil moisture level and therefore the plant respiration processes are influenced by soil moisture. Under the conditions of the two moisture levels used in this study, an adequate supply of oxygen was assumed, and thus the moisture level was effective in influencing the ion uptake by plants in the manner of increasing the absorption of those ions that are more involved in the respiration reactions and other physiological processes. However, this explanation does not account for the decrease in K-and Caconcentration by increasing soil moisture level.
Evaluation o/ soil magnesium status
The results obtained in Experiment I, II and III were utilized in this experiment to evaluate the magnesium status of some alkaline and calcareous soils in Arizona using the short-term nutrientabsorption technique. According to the previous results, a base application of N and P was applied; root-soil contact period was 7 days; the soil moisture level was adjusted to 100 per cent moisture equivalent ; and the source of Mg used was Sul-Po-Mag. The following two treatments (pounds per acre) were applied for each soil ~ no magnesium nm 1.6
• mognesium added tested: (1) 220N+50P+0K-k0Mg; (2) 220 N + 50 P -}-84 K + 50 Mg. The soils tested in the experiment were: Tours silty clay loam, Cajon clay loam, La Palma fine sandy loam, Yavapai sandy clay loam, and Casa Grande loam. Two comparisons were made for the data of plant dry weight and for each nutrient : one to test the response of each soil to Mg-applications, and the other to evaluate the differences between the soils used. The latter was separated in two tests: one for treatments receiving Mg, and the other for those not receiving Mg.
Growth responses, according to dry weight data, Figure 1 , indicate that there were no significant differences in plant dry weights between the soils used in both cases: with and without lVIgaddition. Figure 2 presents the total uptake and concentration of potassium as affected by Mg-treatments and soil type. In terms of K-uptake and concentration, no significant response could be detected in any of the soils used except Yavapai sandy clay loam, which showed a significant increase in both K uptake and concentration. Also, there were significant differences between the soils used in terms of the total uptake and concentration of K with both no Mg and Mg-treatments. In total K-uptake, La Palma fine sandy loam showed the maximum uptake when no Mg was added, followed by Yavapai sandy clay loam. When Mg was added, Yavapai gave the maximum response followed by La Palms with Casa Grande loam showing the lowest response. The data presented in Figure 3 show the total uptake and concentration of calcium as affected by Mg treatments and soil type. No significant response to Mg addition in terms of Ca total uptake and concentration was shown by any soil. Also, there were no significant differences between soils in both uptake and concentration of Ca where Mg was not added. When Mg was applied, Yavapai sandy clay loam was significantly higher than all other soils in terms of total uptake and concentration of Ca. Magnesium uptake by plants and concentration data are presented in Figure 4 . With respect to total plant uptake of Mg, all soils did not show any response to Mg-applications. Casa Grande loam showed some decrease in total plant uptake of Mg with Mg-addition. In terms of Mg concentration in plants, Yavapai sandy clay loam was the only soil that gave a significant response to Mg. The differences between soils expressed as total plant uptake of Mg and as Mg-concentration, indicate that Cajon clay loam was the lowest, the other soils being almost equal under conditions of no Mg added. When Mg was applied, Yavapai sandy clay loam showed the maximum total uptake and concentration of lVlg, followed by La Palma fine sandy loam.
From these results, it is seen that although Yavapai sandy clay loam had the highest percent saturation of Mg among all soils tested, it responded to Mg application in terms of potassium total uptake and concentration and magnesium concentration in plants. These results agree with the theory 1 s 19 that soil response to ?rig does not depend upon the amount of exchangeable ~¢Ig, although this does not agree with what has been reported by other investigators 27 2s a0 However, as shown in the present data, Casa Grande loam which has the lowest percent saturation of Mg, did not show any response to Mg-application as indicated by total plant uptake of Mg. Generally, it seems that some other factor that could not be revealed under the conditions of this study is involved in determining the soil response to magnesium. The investigation included four experiments with the following objectives: (1) to determine the need for base applications of nitrogen and phosphorus in a soil-magnesium study using a short-term nutrient absorption technique; (2) to study the effect of base applications of N and P on Mg-uptake by plants under three time periods of root-soil contact; (3) to study the effect of increasing soil moisture from 75 to 100 per cent of the soil moisture equivalent on the plant uptake of Mg; and (4) Plant growth, potassium, calcium, and magnesium uptake were increased by the base application of nitrogen and phosphorus using a 7-day period of root-soil contact.
Plant growth was not affected by soil moisture level. Potassium and calcium concentrations in the plant were decreased with increasing soil moisture, but the total plant uptake of these nutrients was not affected. Total plant uptake and concentration of magnesium were increased by increasing soil moisture level.
The results obtained in this study agree with previous observations that soil response to Mg does not depend upon the amount of exchangeable magnesium in the soil.
